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proliferation and induces apoptosis of multiple
myeloma cells via inactivating EZH2
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Abstract. - OBJECTIVE: Epigallocatechin
gallate (EGCG), the major chemical constituent
of green tea, exhibits remarkable anti-tumor ef-
fect properties. In the present work, we aim to
explore the effect and underlying mechanism of
EGCG on multiple myeloma (MM) cells.

MATERIALS AND METHODS: The effects of
EGCG on MM cells proliferation and apoptosis
were determined by CCK-8 assay and flow cy-
tometry assay. The siRNAs were used to inhib-
it endogenous expression of EZH2. Enforced
expression of EZH2 in U266 cells was accom-
plished by transfecting EZH2 plasmid.

RESULTS: EGCG suppressed proliferation
and induced apoptosis in U266 cells, which ac-
companied by EZH2 inhibition. Moreover, we
revealed that enforced expression of EZH2 in-
creased MM cells proliferation and reduced cell
apoptosis, whereas EGCG partially reversed the
effects of EZH2 on MM cells progression. In ad-
dition, gRT-PCR and Western blot showed that
EZH2 overexpression increased Bcl-2 expres-
sion, and decreased BAX, BAK1 and cytochrome
c expression in U266 cells exposed to EGCG.

CONCLUSIONS: Our data showed that EG-
CG inhibited MM cells proliferation and induced
apoptosis by targeting EZH2 and modulated mi-
tochondrial apoptosis pathway, indicating EG-
CG might act as an adjuvant for chemotherapy
of MM patients.
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Introduction

Multiple myeloma (MM) is a malignant plas-
ma-cell (PC) disorder and clinically defined when
a PC neoplasm results in clinical complications'.

MM accounts for approximately 1% of neoplastic
diseases and 13% of all hematologic cancers?. De-
spite remarkable improvements in treatment, MM
remains an incurable disease’. Therefore, there is
an urgent need to find effective drugs, which tar-
get tumor cells and do not harm normal cells.

Epigallocatechin gallate (EGCG, (-)-epigal-
lacatechin-3-gallate) is an abundant polyphenol
derived from green tea*. EGCG has been inves-
tigated as polyphenol for its potential application
to human health and disease®. Several reports
suggested the anti-cancer effect of EGCG in vari-
ous cancer types both in vitro studies and animal
models®’. Moreover, EGCG has been intensively
studied as a chemo-preventive agent®. Increasing
evidence showed that EGCG could act as a block-
er for a series of signal transduction pathways
related to carcinogenesis, such as cellular recep-
tor-associated tyrosine kinase’.

Enhancer of zeste homolog 2 (EZH2) is a member
of the Polycomb-group (PcG) family'®!'. PcG family
members are involved in maintaining the transcrip-
tionally repressive state of genes over successive cell
generations'?. Recent studies suggested that EZH2
play critical roles in tumorigenesis”. For example,
Yi et al" showed that EZH2 mediated epigenetic
silencing of TIMP2 promoted ovarian cancer mi-
gration and invasion. Yu et al”® found that miR-26a
inhibited nasopharyngeal cancer cells invasion and
metastasis by targeting EZH2. Li et al' indicated
that the degradation of EZH2 mediated by IncRNA
ANCR attenuated the invasion and metastasis of
breast cancer. Targeting EZH?2 is now considered to
be therapeutic strategies in cancer.

We investigated the effect and underlying
mechanism of EGCG on MM cells. We deter-
mined the effects of EZH2 on EGCG induced cell

Corresponding Author: Jianmin Luo, MD; e-mail: jianmin_hemoQ7@sina.com 2093



C.-G. Zhou, L.-M. Hui, J.-M. Luo

proliferation inhibition and apoptosis. We also
tested the effects of EZH2 on key factor of mito-
chondrial apoptosis pathway. Taken together, our
data suggested that EGCG might be a novel can-
didate as an adjuvant for chemotherapy of MM.

Materials and Methods

Cell and Chemicals

The human MM cell line U266 was purchased
from the American Type Culture Collection
(ATCC, Manassas, VA, USA). U266 cells were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, Waltham, MA, USA) contain-
ing 10% fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA, USA), 1% penicillin-streptomycin
(Sigma-Aldrich, St. Louis, MO, USA) in a humid-
ified atmosphere at 37°C with 5% CO,. EGCG
was purchased from Sigma-Aldrich (St. Louis,
MO, USA) and used to treat U266 cells at 50 pM".

Cell Transfection

SiRNA against EZH2 (si-EZH2), si-NC, pcD-
NA-EZH2, and empty vector pcDNA3.0 were
purchased from GenePharma (Shanghai, China).
The cells were transfected with si-EZH2 or pcD-
NA-EZH?2 using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s
protocol. Transfection efficiency was measured
by qRT-PCR.

Cell Counting Kit-8 (CCK-8) Assays

Cell proliferation was analyzed by CCK-8 as-
say. In brief, cells were seeded in 96 well plates
at a density of 1000 cells per well and cultured
for 24 h, and then subjected to various treatments
in each 4 replicate wells. At the indicated time
points, each well was added with 10 pL CCK-8
reagent solution (Dojindo, Kumamoto, Japan),
and incubated for 1 h. Optical density was deter-
mined by a microplate reader at the absorbance
of 450 nm.

Cell Apoptosis Assays

Annexin V-FITC Detection Kit (Thermo Sci-
entifc, Waltham, MA, USA) was used for detect-
ing cells apoptosis. After transfection, cells were
incubated with Dulbecco’s Modified Eagle Me-
dium (DMEM) for 48 h. Then, the cells were col-
lected and washed twice with phosphate-buffered
saline (PBS). Annexin V-FITC (5 uL) and propid-
ium iodide (PI) (10 puL) were added and the cells
were incubated at 25°C for 15 min. The flow cy-
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tometry (Beckman Coulter, Fullerton, CA, USA)
was used for counting the stained cells and FACS-
calibur was used for analyzing cell apoptosis.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s instructions. High Capacity
cDNA Reverse Transcription Kit (Thermo Fish-
er Scientific, Waltham, MA, USA) was used to
reversely transcribe RNA samples. For analysis
of EZH2, a SYBR green mix PCR kit (TaKa-
Ra, Tokyo, Japan) was used. The relative ex-
pression of EZH2 was determined by the 2-44¢T
method normalized to GAPDH. The primers are
as followed: EZH2 sense 5’-AGATGAAGCTG-
ACAGAAGAGGGAA-3’ and EZH2 anti-sense
5’-GCATAGCAGTTTGGATTTACCG-3’;
GAPDH sense 5-GTCAACGGATTTGGTCT-
GTATT-3’ and anti-sense 5-AGTCTTCTGG-
GTGGCAGTGAT-3". The experiments were per-
formed in triplicate.

Western Blot Assay

The total protein of cells was extracted using
RIPA buffer supplemented with protease inhib-
itor PMSF (Roche, Basel, Switzerland). West-
ern blot assay was performed as previously de-
scribed'®. The primary antibodies were obtained
from Abcam (Cambridge, MA, USA). The inten-
sity of protein bands was quantified using Quan-
tity One software 4.5.0 basic (Bio-Rad, Hercules,
CA, USA).

Statistical Analysis

Statistical analysis was conducted using SPSS
20 (IBM, Armonk, NY, USA). Data were present-
ed as mean + standard deviation (SD). The quan-
titative data between groups was compared and
analyzed by Student’s #-test or one-way ANOVA.
p<0.05 was statistically significant.

Results

EGCG Suppressed MM Cells Proliferation
Phytochemicals, due to their dietary origin, are
presumed to be safer and well tolerated with rel-
atively low toxicity than chemotherapeutic agent
to human'. EGCG is one of such phytochemicals.
Chemical structure of EGCG is provided in Fig-
ure 1A. We first explored the function of EGCG
on MM cells proliferation and apoptosis. CCK-8
assay showed that the proliferation of U266 cells
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Figure 1. EGCG suppressed U266 cells proliferation. 4,The chemical structure of EGCG. B, CCK-8 assay was used to deter-
mine the effect of EGCG on U266 cells. C, Cell apoptosis assay was used to explore the effect of EGCG on U266 cells. * p<0.05.

treatment with EGCG was significantly inhibit-
ed compared to the control group (Figure 1B;
p<0.05). Cell apoptosis assay showed that EGCG
could induce U266 cells apoptosis compared with
the control group (Figure 1C; p<0.05). These re-
sults indicated that EGCG could inhibit cell pro-
liferation and induce apoptosis in MM cells.

EGCG Inhibited EZHZ Expression
in MM Cells

We explored effects of EGCG on key regula-
tor EZH2 in MM cells. U266 cells were exposed
to EGCG. QRT-PCR and Western blot analysis
showed that EGCG decreased the mRNA and pro-
tein expression of EZH2 in U266 cells compared
to the control group (Figure 2A and 2B; p<0.05).

EZHZ2 Modulated EGCG-Induced Cell
Proliferation Inhibition and Apoptosis
Our previous study showed EZH2 was down-
regulated in U266 cells exposed to EGCG, then
EZH2 might play an important role in EGCG-in-
duced proliferation inhibition and apoptosis. We
determined the effects of EZH2 on cell prolifer-

ation, inhibition and apoptosis. Enforced expres-
sion of EZH2 was accomplished by transfect-
ing pcDNA-EZH?2 plasmid into U266 cells. The
transfection efficiency was determined by qRT-
PCR and Western blot assay (Figure 3A and 3B;
p<0.05). CCK-8 assay showed that EZH2 overex-
pression led to significantly promoted MM cells
proliferation, simultaneous EGCG exposed com-
pletely reversed the promotion of cell prolifera-
tion (Figure 3C; p<0.05). Cell apoptosis assay in-
dicated that apoptosis was reduced in U266 cells
transfected with pcDNA-EZH2, whereas EGCG
partially reversed the reduction of cell apoptosis
(Figure 3D; p<0.05). Thus, these data indicated
that EZH2 modulated EGCG induced cell prolif-
eration inhibition and apoptosis.

The Effects of EZHZ on key Regulators of
Mitochondrial Apoptosis

Furthermore, we speculated EZH2 involved in
EGCG-induced apoptosis through the mitochon-
drial apoptosis pathway. In order to verify our
speculation, we determined the effects of EZH2
on key regulators of mitochondrial apoptosis

2095



C.-G. Zhou, L.-M. Hui, J.-M. Luo

g
w

1.59

3 Control Em EGCG

|

Relative EZH2 mRNA
expression
et
.
1

N

0.0 T

EZH2 ——— ——

GAPDH S

Control

1.5

3 Control El EGCG

*

|

expression

Relative EZH2 protein
o
o
1

EGCG

0.0 T

Figure 2. EGCG inhibited EZH2 expression in U266 cells. U266 cells were exposed to ECGC for 48 h. 4-B The expression
of EZH2 was determined by qRT-PCR and Western blot. * p<0.05.

pathway. U266 cells were transfected with pcD-
NA-EZH?2 or empty vector pcDNA3.0. QRT-PCR
and Western blot analysis were performed to de-
termine the expression of Bel-2, BAX, BAK1 and
cytochrome c (key factor of mitochondrial apop-
tosis pathway). Results showed that the expres-
sion of Bcl-2 was increased, while the expression
of BAX, BAKI, and cytochrome ¢ was decreased
in U266 cells transfected with pcDNA-EZH2
(Figure 4A and 4B; p<0.05). These data indicat-
ed that EZH2 probably function as an inhibitor
of mitochondrial apoptosis pathway during EG-
CG-induced MM cells apoptosis.

Discussion
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In recent years, researchers demonstrated an
interest in the prospects of phytochemicals, natu-
ral anticancer agents from plants, due to the mul-
titude of effects of these agents on cancer related
molecular signaling pathways, which showed no
or minimal toxicity for normal cells*. EGCG, an
antioxidant polyphenol flavonoid isolated from
green tea, has been identified to serve a chemo
preventive role by certain studies®. Recent stud-
ies showed that EGCG play important roles in tu-
mor progression. For example, Lai et al* found
that EGCG could modulate cell proliferation in
human pancreatic cancer cells and rat osteosar-
coma cells in vitro. Modernelli et al*? indicated
that EGCG antagonized Bortezomib cytotoxicity
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Figure 3. The effects of EZH2 on EGCG induced U266 cells proliferation inhibition and apoptosis. A-B The expression of
EZH2 in U266 cells treated with pcDNA-EZH2, or EGCG+pcDNA-EZH2 was determined by using qRT-PCR and Western
blot analysis. C, Cell proliferation in U266 cells treated with pcDNA-EZH2, or EGCG+pcDNA-EZH2. D, Cell apoptosis in
U266 cells treated with pcDNA-EZH2, or EGCG+pcDNA-EZH2. * p<0.05.
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Figure 4. The effects of EZH2 on key regulators of mitochondrial apoptosis pathway. 4-B QRT-PCR and Western blot were
performed to determine the expression of Bcl-2, BAX, BAK1, and cytochrome c in U266 cells transfected with pcDNA-EZH?2

or control vectors. * p<0.05.

in prostate cancer cells by an autophagic mecha-
nism. Cerezo-Guisado et al** showed that EGCG
activation of Akt, ERK1/2, and p38d enhances
HT-29 cell death. However, the function and the
underlying mechanism of EGCG on MM cells re-
main unclear.

Our data showed that EGCG suppressed MM
cells proliferation and induced apoptosis. De-
creased expression of EZH2 was observed in
U266 cells after they were exposed to ECGC,
indicating that EZH2 might play important roles
in the effects of ECGC on MM. The function
studies showed that enforced expression of EZH2
promoted MM cells proliferation and reduced
cell apoptosis, whereas EGCG partially reversed
the effects of EZH2 on MM cells progression.
These data indicated that EZH2 protected MM
cells from ECGC-induced growth, inhibition and
apoptosis. EZH2 is a negative regulator in inhibi-
tory effects of ECGC on MM.

We further explored the role of EZH2 on key
members of mitochondrial apoptosis pathway. In-
trinsic control of apoptosis requires activation of
cytosolic caspases by mitochondrial cytochrome
c release and involves regulation of mitochondrial
outer membrane permeabilization by Bcl-2 fam-
ily proteins*. Bcl-2 proteins promote cell death
including those containing either multiple BH do-
mains (Bax, Bak) or a single BH3 sequence (Bad,
Bik, Bid, Puma, Bim, Bmf, and Noxa)*. Pro-sur-
vival, multiple BH domain Bcl-2 proteins include
Bcl-2, BcelxL, and Bcl-w?. Pro-apoptotic Bax
and Bak oligomerize at the mitochondria to alter
membrane permeability and allow cytochrome c
release into the cytosol?*. We showed that EZH2
increased accumulation of Bcl-2 and decreased
expression of Bax and Bak, a cytochrome ¢ in

U266 cells. These results indicated that EZH2
probably function as an inhibitor of mitochon-
drial apoptosis pathway during EGCG-induced
apoptosis.

Conclusions

We demonstrated that ECGC could inhibit MM
cells growth and induce apoptosis. Moreover,
EGCG might suppress cell proliferation through
EZH2 dependent mitochondrial apoptosis path-
way. Taken together, our study not only provided
a new insight into MM treatment, but also a new
mechanism of EGCG on the anti-proliferation
roles in tumors.

Acknowledgments
No.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) JemaL A, Bravy F, CenTER Mwm, FerLay J, WARD E, For-
man D. Global cancer statistics. CA Cancer J Clin
2011; 61: 69-90.

Becker N. Epidemiology of multiple myeloma. Re-
cent Results Cancer Res 2011; 183: 25-35.

Kumar SK, RAaJKuMAR SV, DispENzIERI A, LAcy MQ, HAy-
MAN SR, Buabi FK, ZeLpeNrusT SR, DINGLI D, RUSSELL
SJ, LustJA, Grere PR, KyLe RA, Gertz MA. Improved
survival in multiple myeloma and the impact of no-
vel therapies. Blood 2008; 111: 2516-2520.

2)

2097



C.-G. Zhou, L.-M. Hui, J.-M. Luo

5)

6)

7)

10)

11)

12)

13)

14)

15)

16)

KHAN N, Araa F, SAteem M, AHmAD N, MuKHTAR H.
Targeting multiple signaling pathways by green
tea polyphenol (-)-epigallocatechin-3-gallate.
Cancer Res 2006; 66: 2500-2505.

CHeN ZP, ScHerL JB, Ho CT, CHen KY. Green tea epi-
gallocatechin gallate shows a pronounced growth
inhibitory effect on cancerous cells but not on
their normal counterparts. Cancer Lett 1998; 129:
173-179.

Liao S, Umekita Y, Guo J, KokonTis JM, HiipAkkAa RA.
Growth inhibition and regression of human pro-
state and breast tumors in athymic mice by tea
epigallocatechin gallate. Cancer Lett 1995; 96:
239-243.

TanigucHr S, Fuusiki H, KosavasHi H, Go H, Mivapo K,
Sabano H, SHimokawa R. Effect of (-)-epigallocate-
chin gallate, the main constituent of green tea, on
lung metastasis with mouse B16 melanoma cell
lines. Cancer Lett 1992; 65: 51-54.

AnmaD N, MukHTAaR H. Green tea polyphenols and
cancer: biologic mechanisms and practical impli-
cations. Nutr Rev 1999; 57: 78-83.

CHunG SS, Vabpcama JV. Curcumin and epigallo-
catechin gallate inhibit the cancer stem cell phe-
notype via down-regulation of STAT3-NFkappaB
signaling. Anticancer Res 2015; 35: 39-46.

MArcHEs! I, Giorpano A, BaceLLa L. Roles of enhan-
cer of zeste homolog 2: from skeletal muscle dif-
ferentiation to rhabdomyosarcoma carcinogene-
sis. Cell Cycle 2014; 13: 516-527.

CemiN G, Baris I, CANER V, SARIKEPE B, Turk Ns, TePELI
E, HacioGgLu S, Sari I, Baca G, Keskin A. Mutational
status of EZH2 and CD79B hot spots in mature
B-cell non-Hodgkin’s lymphomas: novel CD79B
variations have been revealed. Eur Rev Med
Pharmacol Sci 2016; 20: 830-836.

Di Croce L, Heun K. Transcriptional regulation by
Polycomb group proteins. Nat Struct Mol Biol
2013; 20: 1147-1155.

MarcHEs |, BaGeLLa L. Targeting enhancer of Zeste
homolog 2 as a promising strategy for cancer tre-
atment. World J Clin Oncol 2016; 7: 135.

Yi X, Guo J, Sun S, YanG P, WanG J, LI Y, XEe L, Cal
J, WanG Z. EZH2-mediated epigenetic silencing of
TIMP2 promotes ovarian cancer migration and in-
vasion. Sci Rep 2017; 7: 3568.

Yu L, Lu J, ZHANG B, Liu X, WANG L, Li SY, Peng XH,
Xu X, Tian WD, Li XP. miR-26a inhibits invasion and
metastasis of nasopharyngeal cancer by targe-
ting EZH2. Oncol Lett 2013; 5: 1223-1228.

Li Z, Hou P, FAN D, Dong M, MA M, LI H, YAOR, LY,
WANG G, GENG P, MiHReTAB A, Liu D, ZHANG Y, HUANG
B, Lu J. The degradation of EZH2 mediated by In-
cRNA ANCR attenuated the invasion and meta-

2098

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

stasis of breast cancer. Cell Death Differ 2017; 24:
59-71.

Luo KW, CHeEN W, Lung WY, WEer XY, CHeENG BH, Cal
ZM, Huancg WR. EGCG inhibited bladder cancer
SW780 cell proliferation and migration both in vi-
tro and in vivo via down-regulation of NF-kB and
MMP-9. J Nutr Biochem 2017; 41: 56-64.

ZHANG HM, YanGg FQ, CHen SJ, CHE J, ZHEnG JH.
Upregulation of long non-coding RNA MALAT1
correlates with tumor progression and poor pro-
gnosis in clear cell renal cell carcinoma. Tumour
Biol 2015; 36: 2947-2955.

OuHA S, BaLan V, Sabek B, RasesH M. Beneficial ef-
fects of phytochemicals in diabetic retinopathy:
experimental and clinical evidence. Eur Rev Med
Pharmacol Sci 2017; 21: 2769-2783.

THAKUR VS, DeB G, Bascook MA, Gupta S. Plant phyto-
chemicals as epigenetic modulators: role in cancer
chemoprevention. AAPS J 2014; 16: 151-163.

LAl NHT, BautistAa JK, RopriIGUEZ A, BOLIVAR S, JOSE-
pH EE. EGCG, an active ingredient in green tea,
modulates cell proliferation in human pancreatic
cancer cells and rat osteosarcoma cells in vitro.
FASEB J 2017; 31: [b29-1b29.

MobpEerNELLI A, NAPONELLI V, GIOVANNA TrROGLIO M,
Bonacint M, RAmAZzzINA |, Bettuzzi S, Rizzi F. EGCG
antagonizes Bortezomib cytotoxicity in prostate
cancer cells by an autophagic mechanism. Sci
Rep 2015; 5: 15270.

Cerezo-Guisapo M, Zur R, LoreNzo MJ, Risco A,
MARTIN-SERRANO MA, ALVAREZ-BARRIENTOS A, CUENDA
A, Centeno F. Implication of Akt, ERK1/2 and al-
ternative p38MAPK signalling pathways in human
colon cancer cell apoptosis induced by green tea
EGCG. Food Chem Toxicol 2015; 84: 125-132.

BaBBITT SE, SUTHERLAND MC, SAN FrRANCISCO B, MENDEZ
DL, Kranz RG. Mitochondrial cytochrome ¢ bioge-
nesis: no longer an enigma. Trends Biochem Sci
2015; 40: 446-455.

CzABOTAR PE, LEsseNE G, STrRAssErR A, Apawms JM. Con-
trol of apoptosis by the BCL-2 protein family: im-
plications for physiology and therapy. Nat Rev Mol
Cell Biol 2014; 15: 49-63.

VoLkMANN N, MARrAssi FM, Newwmeyer DD, HANEIN D.
The rheostat in the membrane: BCL-2 family pro-
teins and apoptosis. Cell Death Differ 2014; 21:
206-215.

SINHA K, Das J, PAL PB, Si. PC. Oxidative stress: the
mitochondria-dependent and mitochondria-in-
dependent pathways of apoptosis. Arch Toxicol
2013; 87: 1157-1180.

MoHAamAD N, GuTiErRrRez A, NuNEz M, Cocca C, MARTIN
G, Cricco G, MepiNA V, Rivera E, Bercoc R. Mitochon-
drial apoptotic pathways. Biocell 2005; 29: 149-161.



